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Introduction

STRUCTURAL ENGINEERING IS

THE ART OF USING MATERIALS
That Have Properties Which Can Only Be Estimated

TO BUILD REAL STRUCTURES
That Can Only Be Approximately Analyzed

TO WITHSTAND FORCES
That Are Not Accurately Known

SO THAT OUR RESPONSIBILITY WITH RESPECT TO
PUBLIC SAFETY IS SATISFIED.

Adapted From An Unknown Author

Edward L. Wilson

Professor Emeritus of Structural Engineering (The original developer of CAL, SAP and ETABS series of computer programs)
University of California at Berkeley

Three-Dimensional Static and Dynamic Analysis of Structures
A Physical Approach With Emphasis on Earthquake Engineering

Standards and Guidelines

FECEIAL EME MY WA MY

PEERATE [EX]
PRESTANDARD AND COMMENTARY FOR THE
Seismic Evaluation SEISMIC REHABILITATION OF BUILDINGS
A ling and P criteria
and Retrofit of {or selsmic design and analysis of

Existing Buildings tall buildings

(1) | opP——

v Pacific Enrthquake Enginesring Ressarch Center
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Standards and Guidelines
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The Importance of Nonlinear Analysis




Earthquake Levels in Thailand
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Overview of Inelastic Seismic Analysis
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Behavior for Earthquake Load

LOAD For a large earthquake, if the
4 structure is elastic the load

“ \ ,’ *—* can exceed the yield strength.

7
L I~ / But if the structure is allowed

7 to yield, the displacement
may be acceptable.

4 e
: DISPLACEMENT

For a small earthquake,
the load on the structure
is likely to be below yield.
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Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell

Behavior for Earthquake Load
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Behavior for Earthquake Load

STRONGER CONST RUCT ION
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Seismic response estimation using non-linear static methods, Dominik H. Lang

Performance Levels

. Maximum Considered
Earthquake (MCE) — 2500 yrs.

. Design Basic Earthquake

(DBE) — 1,000 yrs.,

DBE=2/3MCE

3. Basic Safety Earthquake
(BSE) — 225 yrs.,
BSE=1/3MCE

”

Shear /

> Deformation
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) szdwinldernns Tdua (580 Immediate Occupancy level H30 10)
(3)  szdvdaeasededia (Fan1 Life Safety level ¥i3o LS)

@ szduiloadunisdanens (Sani Collapse Prevention level 130 CP)
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General Processes
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Basic Analysis Types
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Basic Analysis Types

alastic inelastic
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Basic Analysis Types
. External | Level of
Procedure Analysis Structure Force Modeling Accuracy
. . Equivalent
Linear Static . . . Least
1 Procedure (LSP) Static _ Linear Static Easy Accurate
Analysis
Response
. Response
Spectrum Linear Spect
) Linear Dynamic Analysis pectrum
Procedure (LDP)
Time-History . .
. Linear Dynamic
Analysis
Nonlinear Static Pushover . .
3 Procedure (NSP) Analysis Mol eer | SEE
Nonlinear Dynamic  Time-History . . Most
4 Procedure (NDP) Analysis ML Pl e 203 Accurate




Component strength and
stiffness properties
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Local responses

Structural Responses

Global responses

FEMA 440

©n @ g EY Y

Modal responses (periods and mode
shapes)

Base shear/Base moment

Story shear/Story moment

Story displacements

Inter-story drift

Floor acceleration C

Local Responses (Components)
1.

Columns (PMM, shear)

2. Beams (plastic hinge rotation, shear)
3.
4. Coupling beams (plastic hinge rotation,

Shear walls (axial strain, shear wall shear)

shear hinge displacement)

Structural Responses

Global Responses (Structure)
1.

:>[ Responses

Evaluation
(comparison)

levels)

Acceptance Criteria
(based on performance
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Global Evaluation of Structures

Evaluation of Structure (Global)
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Global Evaluation of Structures
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Local Evaluation of Structures

Evaluation of Ea . I'Iqﬁl‘l'!'!‘llﬁgl‘lﬂ)l.lml ﬂqﬁnﬂu?;gnmuqu
Components (Local) pudnnaanin Tasmiaug Tagitsa
Demand-capacity ratio N——
mu Tumudda usiou
DCR — Ijem—and 1 - usIAIMILIINY winusafou
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(deformation-controlled action) HnaIHY U3y
Ex. Plastic-hinge rotation A - A
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Acceptance Criteria (Nonlinear) — RC Beams

Modeling Parameters Acceptance Criteria
5 ‘ dmlsdmTvaia , .
Qo . INUNNTEOUIY
o 1 nyudiaed
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a » I BNTIE I =
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A D £l 10 FuaIUHan YuUaIUI0d
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p—p dszian 4

2y mandaen | B,dNf,

<0.0 C <0.25 0.025 0.05 0.2 0.010 0.02 0.025 0.025 0.05
<0.0 C =05 0.02 0.04 0.2 0.005 0.01 0.02 0.02 0.04
>0.5 C <0.25 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03
=05 C >0.5 0.015 0.02 0.2 0.005 0.005 0.015 0.015 0.02
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Acceptance Criteria (Nonlinear) — RC Columns
Modeling Parameters Acceptance Criteria
| ar 1| e v Y
0 mndsamivag , .
= . NEUNNTBONTY
0, STHERGGE]
, UMW AN (15REM)
NI Y A1 »
1.0 - . FTAUTANTTOUZ
B Hiaaan nas 7
10 LS CP - Y dszianveaduaiu
I s Ae (GIRHEIN] MAY I » I
Xy 10 TUaIUHAD THAIUTBY
B in A
a b ¢ LS CP LS CcP
msidatinunulaanisda
P 4,
. p=1v
A1, b,s
<0.1 > 0.006 0.035 | 0.060 0.2 0.005 | 0.026 | 0.035 | 0.045 | 0.060
z0.6 = 0.006 0.010 | 0.010 0.0 0.003 | 0.008 | 0.009 | 0.009 | 0.010
<0.1 =0.002 0.027 | 0.034 0.2 0.005 0.020 | 0.027 | 0.027 | 0.034
>0.6 =0.002 0.005 | 0.005 0.0 0.002 | 0.003 | 0.004 | 0.004 | 0.005
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ABAQUS

ANSYS
ADINA
DIANA

NASTRAN

Commercial Finite Element Program

SAP2000, ETABS, PERFORM3D,
CSlbridge

STAAD Pro
MIDAS

ROBOT

Nonlinear Finite Element Program

CII COMPUTERS & STRUCTURES.INC

STRUCTURAL AND EARTHUUAKE ENGINEERING SOFTWARE

SAP2000 ETABS’  PERFORMIV

SAP2000 has proven The innovative and PERFORM-3D has
to be the most revolutionary new powerful capabilities
integrated, productive ETABS is the ultimate for inelastic analysis,
and practical general integrated software and it will help you to
purpose structural package for the produce better
program on the market structural analysis and design

today. design of buildings.

30/09/58
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SAP2000

ACAEN, 7 = A

T BrdEsE

R

INTEGRATED SOETWARE FOR
STRUCTURAL ANALYSIS AND DESIGN

Integrated software for structural analysis and design

SAP2000 — Nonlinear Options

Frame Hinge Property Data for FHI - Axial P Links

Edit

Displacement Control Paramet; R
isplacel slameters T Hinges

@ Farce - Displacement

Springs

=

v

oo Y A Pl Monlinear Link Elements: Plasticity, Dampers,

-8
£
5
0
o
0
[

‘ " Stiess - Strain
| l_. Hinge Length Nonlinear Link Elements: Gaps and Hooks

Isolators

02 f— Hustarmeit Tunes dsndronic
- 02 1 Buckling eedFar|  Cables - Nonlinear Catenary Behavior

Load Cattying Capacity Beyond Paint E | P-Delta

Nonlinear Frame Hinge Element

& Drops ToZero S |
ushover 1

I Extapolaled Monlinear Layered Shell Element
- Sealing for Force and Disp- Time Dependent

 UseYdFoice: | Force SF Staged Construction - i

F UseYieldDisp  DispSF ink I[

e isp Creep and Shrinkage f- J ‘r
Acceptance Caiteria (Plastic Disp/SF) Power Spectral Density 7{ s l{
: 4 -

I omeciste Dccupancy Steady State ,,-' ¥

[T Lie Safety ol f,. P

B Colopse Proveni Nonlinear Analysis 7 ./

[~ Show Acceptance Ciiteria on Flot Nonlinear Buckling .

Wilson FNA (Fast Nonlinear Analysis) Method

Direct Integration Time History

Material Nonlinearity - Frame, Hinges and Links

Geometric Nonlinearity - Large Displacement

15
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ETABS 2015

INTEGRATED ANALY DESIG

Integrated analysis, design and drafting of building systems

ETABS — Nonlinear Options

Link Elements

8 Frame Hinge Praperty Duta for FHI - Moment M2
Displacement Control Parameters

Tyee
Pont MomesuTk Ratatonse @ Mement - Rotaten Hinge Properties
b2 E 1 amant - Curvaturs
22 F L. Floor Diaphragms
& 138 4 .T
-1 ° .
A s : T ysteesnTpesnarann]  INONIINEAr Frame Hinge Element
£ 14 4 P— Hysheooshs =1 Nonlinear Layered Shell Element
Lo s N Parameters Ard
82 L3 Fyateress Tigs

Nonlinear Link Elements: Gaps and Hooks
tosa camyngcopsd @ Performance Based Design
& Dropa To Zers Nonlinear Link Elements: Plasticity, Dampers, Isolators

Is Extrapoisted
Scaing for Moment o

[¥] Use Yield Warf

¥] Use Yield Rot
(Steel Objects|

Acceptance Crteria |
W roedote o

Life Safety

B cotapse prf

[ Show Accept

QOutput averaging of responses over several time history runs

I
Quasi-static (Dyanmic) option for Static Pushover analysis of complex models
D/C ratio plots and tables for fast performance evaluation SRS S —
Soeem Tae  hem -

Automated PBD hinges and procedures based upon ASCE 41-13 . " = [T "

Steel and concrete fiber models for shear walls and columns

Stable and Fast Nonlinear Analysis (FNA) implemented for PBD s
Automated Nonlinear hinges in shear walls based upon user/design reinforcing

Steel and concrete material models with performance levels (confined and
unconfined)

Material strain as performance measure for D/C ratios

Several new hysteresis options for nonlinear hinges

-

Options for hysteretic stiffness and strength degradation —

Automated generalized displacement constraints for strain evaluation
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Nonlinear analysis and performance assessment for 3D structures

Basic Concepts of Structural Analysis
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EXCITATION

F

(Static of Dynamic)

(L

oads

- Wind

- Earthquake
Vibrations
Settlements

-

- Gravity (DL, LL)

Thermal Changes

~

)

Structural Analysis

STRUCTURE
(Elastic or Inelastic)

RESPONSES
(Linear or Nonlinear)

A

Displacements
Strains

Stresses

Stress Resultants
(Internal Forces)
- Axial Force

- Shear

- Moment

\1/

| DesiGN |

RESPONSES
(Deformation)

Structural Analysis
EXCITATION STRUCTURE
(Loads) (Stiffness)
F =
F
5

30/09/58
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Linear and Nonlinear Responses
u
— F,
F— ./ Linear
! Fop '_ T
, 1
Kl /' i ul = i
A K,
V4 1
/ i
F ! : ,
. % Iul .
F_l. .. Hnear »
! 7 F, Nonlinear
/ ' (Newton-Rapson Iteration)
/1 Nonlinear |
VA |
Fz---------/ -------------- B R O
s i .
| AR |V au=2E
i SN K
U, u AU 0, U

.|
Nonlinear Solution Approaches

f f

i
t: —
4 ext K_O 7
t‘)
_fexl.
t
! ext
—lp [ e e
= 1 = 11

t]u{} tg C ?f:gu(t ?‘._1uC

(a) Load control (b) Displacement control
H [£ H
. u u
Full Newton-Raphson Modified Initial Stiffness
KT is reformulated [KT]is reformulated  The initial elastic
for every iteration. once for each stiffness is reused
substep. for each iteration.
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Nonlinear Solution Approaches in FE Software

PERFORMLTL
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Equilibrium Equations

1. Linear — Static

_ (a) > u
Ku = F ()

K
2

=

o | =
(o)

2. Linear — Dynamic

Mii(t) + Cai()|+ Ku (t) = F (t) 7
Jr
(b) — 1
3. Nonlinear — Static el n L Lsn

Ku + Fy |=F |E_||
Z

4. Nonlinear — Dynamic
Mii(t)+ Cu(t)|l+ Ku (t) +|F (£) 5z| = F (1)
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Damages from Earthquakes (Thailand)
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Earthquake Forces

L b P (1) =—mui, ()

m m —>

c]
— J—

2
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galdl
N | X
Il

N | =

(a) Moving Base (b) Stationary Base

Effective Earthquake Force, Py (1) m—s07?

Pere () = _mug (t) Ug 507
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Basic Sources of Nonlinearity

Geometrical Nonlinearities
* P-Delta Effect
» Buckling Effect
» Large Displacement Effect

Material Nonlinearities
» Cracking in Concrete
* Crushing in Concrete
* Yielding in Steel
* Creep and Shrinkage (time-dependent)

30/09/58
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Geometrical Nonlinearity
29!!
#/ ;
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snap-through

Snap throu,
s _..  Snapthrough
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Snap-through instability

Geometrical Nonlinearity

Hinged Cylindrical Shell under a Central Point Load

Fiee
Hinged b

800

Free
i

{
-~ J0.1 rad

. A
—The present element, point A A
-| ===The present element, pointB i
A Ramm (shell), point A /
M

@ Ramm (shel), point B

0 5 10 15 20 25 30
Displacement, mm
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Geometrical Nonlinearity

A A
P ‘ ‘ P
H H H
‘ Y - L ‘-‘ S _‘—
I Top moves | Top moves A
I horizontally | horizontally Top moves
I I in an arc
h I h | h
| |
| |
-~ >
(a) Small Displs (b) P-A (c) Large Displs

Equilibrium Undeformed position Deformed ppsitipn Deformed position
(minor approximations)

Com_patibi_lity Linear Linear Nonlinear

relationships

Geometrig Ignored Consigiered Considered

nonlinearity approximately

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell

A
P
H
| ’

|

|
hl |
X
(a) Column

P-A Effect in Cantilever Column

Small
displacements
contribution

Pa
contribution

PA
contribution

Hh | Pa.|

(b) Bending Moments

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell
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Geometrical Nonlinearity

» If geometric nonlinearity must be considered, it is almost always accurate
enough to use P-A analysis.

* Only for very flexible structures, such as cable structures, is it necessary to
use large displacements analysis.

« P-A analysis is more efficient computationally than large displacements

analysis.

» For most structures, it is a waste of computer time to account for true large
displacements.

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell

Material Nonlinearity

Concrete | Steel
S E“
_I | )
foo[pmemeeens g i i Tensile
58 My Ty b Strain Hardening
. L
5§ Upper YlaldY:t.ﬂ Fracture
# +~Strength
« kS - . - > Uttimate
i & e B4 Swain Strain
S A 0.001 Strain
; s 4
foof ===e=meza -
- S !
% o — — % ! fy T Eo I
¢ fw 1 ,” ! Confined Concrete H
7] : ] Unconfined I
2 K : p 4 Conerete Eq i
Z " 1 | 2f, :
E_ i E: /ir } ) | Assumed for !
z 1 A Cover Concrete 1 >
3 il A ' e
/\E%c Y
’ b } \‘ ]
& 1 € P'Ec:f 5? 2
jf Compressive Strain, &,
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Material Nonlinearity

\4 o
;

u“?- a,,r 12.76
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N -9 8.51
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0

Geometrical and Material Nonlinearities

H Linear First-order
elastic analysis
Bilurcation
Hx:/" i _Elasticeritical joad
Elastic stability limit
By = . T
Geometrical Nonlinear
Bifurcation
m : ; Second-order
- Bifurcatio 3 PR :
2 a A ” Telasticamalysis 1 Inelas:ic critical load
8 Hy Fust-order '
g inclastic analysis Flastic limit load
R I e e e A ———— o s
g e Material Nonlinear »
Inelastic stabilizy limit
Ry — it e M
Sccond-order  Geometrical & Material H =Pl
inelastic analysis Nonlinear =
A
Lateral deflection, A

Matrix Structural Analysis, 2", William Mcguire, Richard H. Gallagher, Ronald D. Ziemian
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Basics of Structural Modeling

Element Types

1) Line Elements : Truss and Beam Elements (1D, 2D, 3D)

/&Il

2) Surface Elements : Plane Stress, Plane Strain, Plate and
Shell Elements (2D, 3D)

AN DN AN

3) Solid Elements (3D)

30/09/58
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Concepts of Structural Modeling
There are various ways to model a real structure

/ / Real Structures \
] - N\
o
77

3D Frame

Solid Model 3D Shell-Frame

Concepts of Structural Modeling

Columns : Frame elements

(Linestructures) > =
Beams : Frame elew//g
3

(Line structures) Sl
Floors : Plate or Shell elements<.. =

(Surface structures) =
=

Suspension
bridges

Decks : Frame, Plate or Shell elements
(Line or surface structures)




Nonlinear Components

Force-Deformation Relationship

Relative Displacement {in)

Laeral Load (k)
Lareral Load (k)
=
1

150 — —
=333 —pp-
100 =4--- -~ Frame Model =
| —r] ~
50 7 1

T T
01 005 0 005 o

Drift (%oRotation) Disift (YaHotation)

{a) Moment-hinge model 6 = 2.4)

1
1

Rl ¥ 524l PEER/ATC 72-1

b Moment-hinge model il /h = 3.33)
—————— >

Welded 1o Plate

Anchoring
T Baam Bolled
o Reacton Frame

Pl

4120

5 85°88
APPLIED LOAD P (KIPS)

1.0 20

[ — S 67 59
40 30 -20 A0 ;
TIP DEFLECTION & (IMN)

Beam test subassembly as performed by Popov et al. (1972)

30

-
4.0

@
=]
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Force-Deformation Relationship

Force (F)
A Ultimate
Strain strength Ductile limit
Hardening Strength loss
First yield e— Residual strength
Initially
linear Complete failure

P
& Deformation (D)

Strength and other properties
may degrade under cyclic load

Hysteresis loop

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell

Force-Deformation Relationship

_ Strenglih degradation

idual

Displacement

Lightly-Reinforced Wall Segments, John Wallace, UCLA

30/09/58
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Force-Deformation Relationship

A A
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General Force-Deformation Relation RC Elements

Gt A

Beams ) N31ae3

Columns
Beam-column joints o
Shear walls o,

V) oastamumadog 1

RC infilled frames

A

e ¢
10<—d—»|
: B C
F_
4 If D E|§ca
« S
g

Coupling beams

a) sardunsdegl uuFuduaing)
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Acceptance Criteria (Nonlinear) — RC Beams

Modeling Parameters

Acceptance Criteria
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ACTION

Zero
slope

___________ A

Force-Deformation Relationship

No strength
loss

Strength

-

I
~ Hardening oss
stiffness Maximum
E deformation
[
Initial R X
sti?flnlgss : Optional full
1 strength loss
I
. >
DEFORMATION

PERFORM Components and Elements, CSI

Hysteresis Loop and Backbone Relationship

F Backbone relationship

Non-degraded and
degraded loops

-
>

\ D

g Loop after strength loss
_____ probably has large degradation

(b) Different types of stiffness degradation

PERFORM Components and Elements, CSI
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Gravity Load

Force Distribution

Lateral Load

( (b) 222
msgas
855
A
Tt E
HH
Hpe—
Plastic Nonlinear Finite length Finite
hinge spring hinge hinge zone section element
LN J [N J

-
Concentrated plasticity

~
Distributed plasticity

Idealized models of beam-column elements.

NIST GCR 10-917-5, Page 4.
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Plastic Hinge

Beam element (-._j .'q

g Moment at  Rotation of
I M, A hinge, M, hinge, 6,
Elastic beam Rotation
capacity
Plastic Plastic /‘51
hinge hinge Rigid up to
il first yield
g eh
(a) Frame with beam element (b) Hinge behavior

PERFORM Components and Elements, CSI

Element Composed of Several Components

Ductile
Non moment-resisting moment-resisting
connection connection

| (a) Frame 5
I

T /ﬂi\
End Moment Elastic Plastic End
zone release beam  hinge zone

(b) Beam element

PERFORM Components and Elements, CSI

30/09/58

35



30/09/58

Nonlinear Components

+ Truss - Yielding and buckling

« 3D Beam - Major direction flexural and shear hinging
« 3D Column - PMM interaction and shear hinging

* Panel zone - Shear yielding

* Infill panel - Shear failure

» Shear wall — Flexural deformation (axial strain)

» Spring - for foundation modeling

Static Pushover Analysis, M. Igbal Suharwardy, Computers and Structures, Inc.

Nonlinear Material Assignment

36



Nonlinear Concrete Material — SAP2000

r
13 Material Stress-Strain Curve Plot Tt
File
Material Name: Material Type Symmetry Type
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Nonlinear Concrete Material — SAP2000
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Mander, J., Priestley, M., and Park,
“—— R. (1988). "Theoretical Stress-Strain Model
for Confined Concrete.” J. Struct. Eng.
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Nonlinear Steel Material — SAP2000

13 Material Stress-Strain Curve Plot (Not Responding)

File
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Nonlinear Concrete Material — Perform 3D

COMPONENT PROPERTIES
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Materials
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Nonlinear Concrete Material — Perform 3D

120000 -

0.01, 107793

0.006297, 10
100000
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80000
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60000
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40000

20000

0 0.005 0.01 0.015 0.02 0.025
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—Mander model =@-Tri-linear adjusted to match Mander model

Nonlinear Steel Material — Perform 3D

COMPONENT PROPERTIES
[ Inelastc | Elasic | Cioss Secks

Materials | StenghSects | Compound

Type [Inelastic Steel Material, Non-Buckling ~ &
Choose type and name to
I i existing material & ‘
Name [EEE =
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Beam Elements

Beam Element with Moment Hinge Model

Lateral Load

Hinge

Il

w

Hysteretic
Behavior

S \ Lumped Plastic
Model Or+@ O

\

« b >
e
B C
10 LS CP
4 i

Ovio A
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(a) Moment and Shear Hinges
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(b) Action-Deformation Relationship
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Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell
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Edit

Moment Hinges — SAP2000
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Moment Hinges — Perform 3D

COMPONENT PROPERTIES
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Moment Hinges — Perform 3D
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Shear Hinges — SAP2000

Frame Hinge Property Data for LB-1-L01 - Shear V2

Edit
Displacement Control Parameters
Tvpe
Point Farce/SF Disp/SF Force - Displacement I
q -1285.367 357
Frame Hinge Property Data D- 285,957 Ex) O Stress - Strain
C- 51147 1428 —e Hinge Length
Hinge Property Name 396577 0. -— J =]
[Le-TLon 0. 0 -
065,766 0. | Hysteresis Type &nd Parameters
C 5141.4692 1428
Hinge Type 5 1585, %673 558 | Hysteresis Type Kinematic -
i 8 ti
€ Force Contiolled (Biitle) H 12853673 57 B St N Farameters Ate Flequred For T
% Defarmation Contralled [Ductile) Hysteresis Type
I|Shear e JI T0ad Lamyng Lapacly Beyond Fom £
" Drops Ta Zero
Modify/Show Hinge Propety... | & s Extrapolated

Scaling for Force and Disp

Cancel Pasitive Megative
[~ UseYieldForce  Force 5F |1 R

L [~ Use Yield Disp Disp SF 1.000E-03 1.000E-03

[Steel Dbjects Only]
Acceptance Criteria (Plastic Disp/SF)

Positive Megative

I mediate Dccupancy 14.28 14.28
[ Lifesafety 4284 4204
- Collapse Frevention 714 -71.4

[~ Show Acosplance Citeria on Flot

Cancel

Shear Hinges — Perform 3D

| COMPONENT PROPERTIES

[ Materids | StengthSects | Compound

Inelastic | Elastc | Cross Sects
Tope | Shear Hinge, Displacement Type ~&
Chaase type and nsme to
| el edit an existing companent & |
Name [LB-1-LOT-LOZ |

@ Puige | Rename ’M Filter

Length Unit |m Force Unit [kN

Status [Gaved [ Deformalion Capacities Il Cyclic Degradation 1l Upper/Lawer Bounds
Section and Dimensions Basic F-D Relationshi I Strength Loss
Gosh | | savess | |
F = shear farce. D = shear displacement acrass hinge.
Shape of Relationship Use Cross Section
" EP-P " Yes Pasitive Actions Megative Actions
S Tl & No ] Fr (4539 Fr |
Az 1
FU | 7099 FU
SHII Bl S I Sheat is along dus 2. positive as shown. ‘ ‘
@ Yes ( No @ Yes (7 No
Positive Deformations Megative Deformations
Strength Loss Cyclic Degradation
DU |.035 ou
@ Yes O No  Nore
o |38 D |
Upper/Lower Bounds & YULRX
" Yes & No ]
Import C T Expot Components
@ Selected companents of this type. e
€ all components of all ypes Paste | | Copy Clear L
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Shear Hinges — Perform 3D

| COMPOMENT PROPERTIE

f Inelastic T Elastic T Crass Sects.
Mateias | StengthSects | Compound

—<|],

Type [Frame Member Compound Component - &
e
o -
#E| BEBD | ooy an exting component 3| Basic Components 1 Strength Seclions i Self weight

Mame [{ERERNERE

COMPOMENT TO BE ADDED OR CHANGED

Tt for filter.
& | Puge | Rename [ Filer Component Type | 2

Length Unit Force Unit [kN Component Name. | ﬂﬂ
Status |Saved Text far filter Filter
| | Saveds | ‘ Length Type [ =] Length e

COMPONENT LIST [MAX. 12] Click to highlight. Double click to select.

[No_[Component Type Component Name Length [Propn

1 |Beam, Reinforced Concrete Section LB1-L01-L03 5
Shear Ainge Dsglacement Type LE1.101L03 0

3 |Beam, Reinforced Concrete Section LB-1-L01-L03 5

Import Components Export Components
g
Selected components of this type. Jmport
Al components of all types.

Fiber Sections for Beams

® oie o o4———=o Steel fiber

. Concrete fiber.
For bending about 4—@ |ump properties

horizontal ax@s, at center of fiber.
use fiber section.

For bending about vertical
axis, assume elastic.

30/09/58
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Beam Element with Fiber Model

Actual

ﬁ Slice
i J
Model 0-“ l—()
l/T Axial Stress

Fiber

Fiber —» jm Material

. Hysteretic |/ /] Axial Strain
Cross Section Behavior

Column Elements

30/09/58
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P-M Interaction Surfaces

Tension

B H P E:[
.
p M Compression

| — —

(a) Steel Column

[ ] . L P

L] L] I :l '

. . Ld
[ Concrete stress
d\ M and steel force

M

M II:ﬂ

(b) Concrete Column

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell

Oy

As material hardens,
Y surface translates

PERFORM Components and Elements, CSI
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Effect of Axial Force on Ductile Limit

AtP = PL
AtP=PU

-

(c)

PERFORM 3D, User Guide, CSI, Page. 5-24

Column Element

Shear Hinge

/
[+=e I o+
/

\

PMM Hinge Rigid Zone

Static Pushover Analysis, M. Igbal Suharwardy, Computers and Structures, Inc.
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PMM Column Hinges — SAP 2000

Frame Hinge Property Data for 2H1 - Interacting P-M2-M3

Hinge Specification Type

s homent - Riotation
" Moment - Curvature

Hinge Length
o

Symmetry Condition

" Moment Ratation Dependence is Ciroular

'  Moment Ratation Dependence has Mo Symmetry

I 5 for Specified § I

Auial Forces for Moment Rotation Curves

 Moment Aatation Dependence is Doubly Symmetric about M2 and M3

Condition

1. Specify curves at angles of (g, 905, 1805 and 2705.

Scale Factor for Rotation (SF)
" SFisield Rotation per FEMA 356 Eqn. 5-2

(Steel Objects Only)
1

& UserSF
Load Canying Capacity Beyond Foint E

& Diops To Zero " 13 Extrapolated

05

130}\“2 :
s

2. If desired, specify additional intermediate curves where:  Os < curve angle < 3605 9

Curve Angles for Moment Rotation Curves

Nur| Frame Hinge Property Data

P

ber of Angles

Hinge Property Name

]

Hinge Type
€ Force Controlled (Brite)
(s

Interacting P-M2-43 =~

2705 ﬁ

Modify/Show Angles. el

Curve Data...

Modity/Shaw Hinge Property.

Cancel

M2

Interaction Curve Data

Current Curve |1 hd MM
Foint P | W2 | M3
1 . [ o
2 -0.7g1 0.363 1.098E-06 F-m2
3 DET4S 05212 1.447E 06
4 05498 06319 1.568E 06
5 03348 0.7229 1.745E-06
3 01928 0.8066 2043606
7 0188 0.7327 1.594E 08
[ 0.0292 06163 1.845E-06 P-M3
E] 0.0933 0432 2362606
10 0.2965 onz o
11 0.3453 il [
Insert Curve | DeleteCuve | Check Sutace | | ol s
3D Flat
Flan a © ShomAlLines
5 S| Hide P Dirsction Lines
E'E’;;‘L o O Hide M2M3 Lines
ﬂ
Apetturs

<l

Highlight Current Curve

-
3D | MM | PM3| PM2

Cancel

PMM Column Hinges — Perform 3D

Impert Components |

¥ Selected componants of tha hype
AN comporents of o s

LehUnd [T Focelra fim
Sk [Eved Defomation Capachms | Cyeke|
| Section and D) BacFO| | Mgteals | GhengthGects | Comped
il | Sneie | Tnclastie | Fasc | owSect )
o1 Sochon
Shace of Felstonihe Use Cosma Sechon s : .
= iPP % e Type |PM2H3 Hinge. Conciete Foation Type | &8
Tileas * Mo Wu[) | Croose e s name s
% | wit e emten; commprrert
Lyt Distcamhon Capaces
e i e Sectun Dmerscns
3 Fam
e 2
Srergth Lo Cycic Degraddation St
Yo & e T Hors o2
g/ Lowes Biurcs WOl S
“ e Na 3 B

1 a0
2o0e-04t

| T
1 scee0s |

| o
1 0604 |

| 40080
s ocgans | #

| L= 2008

| IR s SRS

o
o ancesm 0 e moe

[ CrckcDepadson | Uppeoves Bourde |

Secton sl Dwerarn | Basc PO Relsorshe | Yiekd Surfsce

Viekd Sustace Pasametess [Corcreteype]

roc MO s 2 (R g, aic ) [

MOME & optonal [ car be uostul for checking e pekd stace
PMliimaction [ PMIlimscion SO
PMliimacion [ PMIlwecion I

M 1.5, Man 30 Suggesied = 20

P axguornd, Algha, FH 18 PC
P asgorerd, Algha, PE 15 7T

M esgermns, G tor b M ensescoors I
M 11, Mo 30 Suggesied =14

M e, Bt fix PM rienscear, [
Mo 11 M 33 Suggested = 11

The seekd susface it ot the ulinate [17] condsion. ¥ the F {1 sslstiomh
i, the st sk [V]) uafiacs hast the sarme shage as the Ul melace.

Paus | [ Copy | Ciw

1 Shength Lot

Task 12 Report for the Tall Buildings Initiative, PEER Report 2011/

30/09/58
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PMM Column Hinges — Perform 3D

COMPOMENT PROPERTIES

[ Inelaztic 1 Elaztic | Cioss Sects.
Materisls | StengthSects | G ]

 —
Toee |F‘WM c c jg COMPOMENT LENGT
Chooze type and name to
7':'| feY Jeﬁmmwmw- 2 Bazic C 1 Srength Sechions I Self Weight

L ic 42442 fc10 v ph COMPONENT TO BE ADDED OR CHANGED

& | Puge | Rensme M Fiter Component Type | 8|
LengthUrit [t ForcaUnit [kip Component Name | =8|
Status [Saved Tt for fiter Fikes
| | savess | | LenghType | ] LengihVakue |

COMPONENT LIST [MAX. 12)  Chck to highbght. Diouble chk bo pelect.

o, [Comporment Type Component Neme Length [Propn
1 [Endl Zone for & Beam or Column [Defauk End Zone o
P-M2-M3 Concrete Rotation T w A1 0
Cokumin, Reinforced Concrete Saction ic 42942 fc 10 ro 1 .41 1

Pm-u)w Rotation Type Fc 4242 fc10 rof 41 0
[End Zone for a Beam or Column Detaut End Zone 2uto

Import C |

& Selected components of this ype. "
T Al companents of all types. -

Task 12 Report for the Tall Buildings Initiative, PEER Report 2011/05

Fiber Sections for Columns

L L ] L L] il' L
L L L] L
L] L L L
L ® o e ! ®

Modeling for Structural Analysis, Behavior and Basics, Graham H. Powell
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PMM Column Fiber — SAP2000

r
Define Frame Hinge Properties

&l Hinge Prop:

Click to:

Behavior

Add Mew Property..

toment #43 Deformation Controlled Mo M.A Add Copy of Property...
Fiber P-p2-M3 Dreformation Controlled ez FH-COL
Fiber P-4 2-M3 Dreformation Contralled ez FH-COL
Fiber P-p2-M3 Dreformation Controlled ez FH-COL Delsts Property
Fiber P-4 2-M3 Dreformation Contralled ez FH-COL
Fiber P-p2-M3 Dreformation Contralled Yes FH-COL
r Cle Dl LLat ion Controlled Yex FH-COL ¥ Show Hinge Details
Frame Hinge Property Data ion Controlled res FH-COL ¥ Show Generated Props
ion Controlled Yex FH-COL
~ Hinge Property Mame ion Controlled Yes FH-COL Corvert Auto Ta ser Prop |
ion Cantroll— CLLcol
JFH-coL jor Control] Frame Hinge Property Data for FH-COL - Fiber P-M2-M3
. ion Control
i Hinge Type ion Contral — Fiber Definition Option: —Hingelength———————
= Force Cortrolled (Brittle] ion Controll & Default Fiom Section Hinge Length W I
* Deformation Contralled [Ductile) ion Control -
ion Controll " User Defined I Relative Length

[[Fioer Parzz

=

Modify/Show Hinge Property. ..

Cancel

Define/Show Fibers.. |

Cancel I

PMM Column Fiber — SAP2000

I SAP2000 - CF225x300

:Elg

File Edit View Define Draw Select Display Options

B o|=| 2] 2le|le oo =5]E|Els|

Help

=

B

=]

N

qlp|z|

K

-
\

L3

ry

X=019 ¥Y=017

ITunl, m, [~ Done

|
-
Generated Fibers for SDSection CF225:300
Edit
[ Fioer Detal Concrete
Fiber Area Coard3 Coard? M aterial
i 2 000E -04 0.0745 Feroite
2 | 2.000E-04 0.0745 anz
3 | 2000E-04 00745 anz EXFY415
_ 4 | 2000E-04 00745 (iR} EXFY415
5 2.000E-04 0.0745 0 EXFY415
3 2.000E-04 0 anz EXFY415
7 2.000E-04 0745 o EXFY415
[] 2.000E-04 o_ onz EXFY415
£l 7.300€-03 0.075 00957 EXM15
10 7.300€-03 0.075 0 EXM15
1 7.300€-03 0.075 00957 EXM15
12 7.300€-03 o 00957 EXM15
13 7.500€-03 0 0 EXMI5
7] 7.300€-03 0 0.oss7 EXM15
15 7.300€-03 0075 Ruli::rg EXM15
| 16 7.300€-03 0075 0 EXM15
17 7.300€-03 0,075 00557 EXM15
Steel Rebar
Shaw Properties.

30/09/58
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Shear Wall Elements

@ - -
@ g e ~ . I o B A )
7700 60 660 @ U0 06 6R009 gBe 9 6009 o GO (e [
! s a am s s un s an am an an am i an o an
J b m e g fam I i | ow ES | s 1 | o= | _ax  ob
| 'l - L
@ o g’i W@- il & @m-ﬁ- = = s - s B Es s
& 313 el B, s e e el et e e L el L, s, 5 -
i ] & O S & o S & - & A 6 4 e 4 . i e
I ] 5 ] g ] ] ] ] e 1 & L] ]
|| FIL I & @ - @ & - & - i T E 4 - - = | & &
NI Bl e e | E [ [ ] 4+ |- I 1 e B
%ﬁdﬁ—_m“-* o e N .- Y S e -l ] - b
=8 | B = :
' W4 ¢ - W5
EE w2 LiL{AN AL W3
q — > T
%1 P Akl
(o1 g Ll
_ w1 g
|
| r LG é'# ]
L
a3
(a) Plan (b) Elements
(a) Wall cross section (b) Model with plane walls 3D Wall
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(a) Wall section = : . . 20

(b) Uncracked

Reference axis and
neutral axis are at
uncracked centroid. P

(c) Cracked

Reference axis \I/ Neutral axis

does not change. shifts.

Wall Section With Cracking

Vertical fibers
Horizontal fibers

Shear

(a) Wall element

(b) Element layers

Layered Shell Element — SAP2000

g
Steel
£

30/09/58
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Layered Shell Element — SAP2000

Shell Section Layer Definition

1~ Layer Definition Data

Shell Section Data

Section Hame SECTION 1
Section Haotes Modin/Thow...
Disp Coler I

Membrane
Plate
Membrane
tembrare

C-5w1-L30-L38
NL-Bar-60
ML-Bar-60

Mum Int. Matenial Matenal Component Behavior
Layer Mame Distance Thickness Type Paints Material ﬂ Angle 511 S22 512
Canch o [7u [Membrane ~ |1 [CswiLanias -] o [Linear =] [Mortine ear |

i I I Lir
Linear Monlinear
Linear Linear Linear
Monlinear | Inactive Inactive
Monlingar | Inactive Inactive

Linear

Quick Start I ll ﬂ Add Insert Modify Delete
i~ Section Name
Highlight Selected L
0 A Skt ey [ESwiLsois
Transparency Control 4 »
Top bar i~ Order Layers By Distanc
Order &zcending Order Descending | .
Section (1)
Conciete Shel Section Design Paameters Calculated L nf "
ViodinSheme Shel Davos Pseion. Concrete alculated Laver Information
Shrmes Modliees. — | Mumber of Layers 4
St Mosiis. | | Total Section Thickness 70
ok Cancel Surm of Layer Overlaps 44.45
| Surn of Gaps Between Layers 0
Cancel

DlsthottoFJJla.L

Fiber Section of Shell Element — Perform 3D

Actual

Fiber section for membrane behavior of a wall

L L J - - - L J L2
Wa” E ] Y 'Y 2 o ™ . 2 -iD
— - -’_,...—-q—___"-“ —— y——
Steel ;/ e VP ~ e i~ e W TR
Wi =] rg= L=} L+ UL, /0 LY
) (LeJii. @ J i, .o, 3 e i[e])
fibers o e o o - S

Concrete
fibers

-
e e

Modeling for Structural Analysis, Behavior and Basics. Graham H. Powell.

30/09/58
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Fiber Section of Shell Element — Perform 3D

Auto Size Fixed Size

Choose aption for fiber areas and lacations Choose option for fiber arzas and locations
" Fived Size @ i  Auto Size

|
Fiber Section of Shell Element — Perform 3D

| 6.47
0.37 0.37, 0.60
18 0.85 0.85 0.85 0.85 C‘-?%.w 0.37 |
i o 6 7 |81,2 . [SWIS
—% / S - _ﬂ = 1
Mo i =t 5
o UL Gk ] o
o 12 {1
= ::‘ E by 2 ]
;3‘717( 4_‘ ] e %
SW1-1 \ ]
' { S s
% s [ - 1\ / =] =z
SWi-1 [SW1-4]
t ] )
- 21EH) -
SE] ie BWLz] | ..
R L=l ol memdads e e ek e e e ek ot e el e em—— B 1
+afe = LL1 L[[[H[H_ﬁ | 3
y=====1 018 095 | 095 | OGB4 095 | 095 |« o
i} Y. 3 q 5 6 7
037 610
5.47
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. .
Fiber Section of Shell Element — Perform 3D
) Cracked Fiber Area | Steel
d
Section No.| Section Name | N Type Name Coo Area | % |T-Draw] fc | fy
All[Sub m m’ m ksc| ksc
1 | 1 |Inelastic 1D Concrete Material SW1-FDN-LOS-CONF-I -3.1425 |0.0421 0.29 |600
2 | 2 |Inelastic 1D Concrete Material SW1-FDN-LOS-CONF-I -2.48 0.2770 0.29 |600
3 | 3 |Inelastic 1D Concrete M=+e-=! SW1-FDN-LOS-CONF -1.525 0.2770 0.29 |600
4 | 4 |Inelastic 1D Concrete M W1-FDN-L09-CONF -0.57 0.2770 0.29 |600
5 | 5 |Inelastic 1D Concrete M Concrete W1-FDN-LOS-CONF 0.385 0.2770 0.29 |600
6 | 6 |Inelastic 1D Concrete Material SW1-FDN-LOS-CONF 1.34 0.2770 0.29 |600
7 | 7 |Inelastic 1D Concrete Material SW1-FDN-LOS-CONF- 2.295 0.2770 0.29 |600
] -FDN-L09-CONF 29575 [0.0957 029 |600
1| SWAZFDN-A06 [ inelastic Steel Materi, Non-Budkng REBAR 34425 [0.0020[[467 5000
(10| 2 |Inelastic Steel Material, Non-Bucking |REBA 2.48  [0.0034[1.24 5000
11| 3 |Inelastic Steel Materi~! Mon B olinn DEDAS -1.525 0.0034|1.24| 5000
12| 4 [Inelastic Steel Materi Al -0.57 0.0034 |1.24| 5000
13 Inelastic Steel Materi Steel Rebar AR 0.385 0.0034|1.24| 5000
14| 6 |Inelastic Steel Material, Non-Buddng REBAR 1.34 0.0034|1.24| 5000
15| 7 [Inelastic Steel Material, Non-Buddng REBAR. 2.295  |0.003 5000
X i | X 2.9575 | 0.003: 5000
1| 1 |Inelastic 1D Concrete Material SW1-FDN-LO9-CONF-I -3.1425 |0.0421 0.29 [600
2 | 2 |Inelastic 1D Concrete Material SW1-FDN-L09-CONF-I -2.48 0.2770 0.29 |600
3 | 3 |Inelastic 1D Concrete Material SW1-FDN-LO9-CONF -1.525 0.2770 0.29 [600
4 | 4 |Inelastic 1D Concrete Material SW1-FDN-LO9-CONF -0.57 0.2770 0.29 [600
5 | 5 |Inelastic 1D Concrete Material SW1-FDN-LO9-CONF 0.385 0.2770 0.29 [600
6 | 6 |Inelastic 1D Concrete Material SW1-FDN-L09-CONF 1.34 0.2770 0.29 |600
7 | 7 |Inelastic 1D Concrete Material SW1-FDN-LO9-CONF-] 2.295 0.2770 0.29 [600
2 SW1-2.006-L07 8 | 8 |Inelastic 1D Concrete Material SW1-FDN-L09-CONF-1 2.9575 |0.0957 0.29 [600
9 | 1 |Inelastic Steel Material, Non-Bucking REBAR -3.1425 | 0.0020}(4.67| 5000
10| 2 [Inelastic Steel Material, Non-Bucking |REBAR -2.48 0.0030(1.08 5000
11| 3 [Inelastic Steel Material, Non-Bucking [REBAR -1.525  |[0.0030|1.08| 5000
12| 4 |Inelastic Steel Material, Non-Bucking [REBAR -0.57 0.0030(1.08, 5000
13| 5 [Inelastic Steel Material, Non-Bucking [REBAR 0.385 0.0030(1.08, 5000
14| 6 [Inelastic Steel Material, Non-Bucking |REBAR 1.34 0.0030(1.08, 5000
15| 7 |Inelastic Steel Material, Non-Bucking [REBAR 2.295 0.0030 5000
16| 8 |Inelastic Steel Material, Non-Buckin REBAR 2.9575 10.0034[3.5 5000

Infill Wall Elements

30/09/58
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] [—
! 1
Compression Strut

Analogy—Concentric
Struts

FEMA 356

in — /5\/,,, in —

~

-—

Compression Strut

Analogy—Eccentric Struts

Masonry Infill Wall

\1——
\

N
N

SN

\1—_
N\

—\

AN

R

—

Compression Strut
Analogy—Perforated Infills

/Jl.]_—

0.25
Ey tigsin( 26)
4Eﬁ’ ]COF hfm«'

7 —0.4
a=0.175- (A1) Liiag

inf

k:ﬁr.f =
h

col

a-Ey tiys

Ldiag

FEMA 356

Frame T/C Limits
¥ Tension Limit |4 SIB4E-04
¥ Compression Limit -7.0307
Cencel_|

h

Masonry Infill Wall

Tension/compression limits in SAP2000

30/09/58
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Masonry Infill Wall

PERFORM 3D includes the following infill panel

components. ACTION
A U L
(1) Linear elastic panel, shear model. )f
(2) Inelastic panel, shear model. R X
(3) Inelastic panel, diagonal strut model.
No strength DEFORMATION
in tension
Action Deformation Deformation Deformation
_——
T Action M g mde Action
K ;
:; Downward Upward
: strut strut
]]
' Xy g ____> J
PE— P AN
Infill Panel Shear Model Infill Panel Diagonal Strut Model

PERFORM Components and Elements, CSI

B0 @xrs s

Nonlinear Modeling

i ~ Froene Hircy
R -— H
. [l [dit Veew Define Dridge Dpw Selest Assign Anshae Display Design Options Took Help

DF HS o~ F @ ' 2 PEBAL M HwapwGa 8 %B % Akt I+ Q- o

. AE

P e

OLOO0 VOO0 FOOW [GLORSL = |[KN.mC =]
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Nonlinear Static Analysis - Pushover

Performance Check Using Pushover

Expected Performance Point

for given Earthquake

n 1< Performance Limits
(IO, LS, CP)

Force Measure

Deformation Measure

Goal is to predict peak response of building
and components for a given earthquake

Static Pushover Analysis, M. Igbal Suharwardy, Computers and Structures, Inc.
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Lateral Load Patterns (Vertical Distribution)

—0

—0

—0

—0

T TTTT

Uniform Code Lateral Mode 1

Static Pushover Analysis, M. Igbal Suharwardy, Computers and Structures, Inc.

Pushover Analysis

Capacity Spectrum: Sa i
Representation of structure's = e— _:._.,_
ability to resist the seismic P e Ad A
demand Cﬂp&(‘.’lt}
*5d
S
Demand Spectrum: g
Reprezentationof earthquake
ground motion. =
Demand
i —+ S5
Sa_Performance
Performance Point: J poiny
Intersection point of Demand |, \*'":-__"
[ p—
oo il = Performance
Spectrum. — - 8

1. Capacity Spectrum Method — ATC 40
2. Coefficient Method — FEMA 356
3. Linearization Method — FEMA 440

Based on the comparisons of a research, the FEMA 440 Linearization Method
is the most accurate and consistent.

STATIC PUSHOVER METHODS, Graham H. Powell

30/09/58
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Multi-Mode Pushover Analysis

" 3
s (Em.ml]
12 o2 Vim =5, .30
/_ _\ S im,
Em=l
0.8 / Sx
0.4 \
0.0

a 1 2 3

Period (g :
(a) Eigen-value analysis of elastic structure (b) Spectral analysis to obtain acceleration and
to give mode shapes and periods base shear of individual modal components

i - ~
Ef Fq B

K F, fa
-~ R
Vi Foree i
2 i : v,
i K o=l
F i / * R
pr —
Vi R —

Fu A=A
;, T — n =8y

— A »

Via Displacement (m)
(d) Use of relationships between elastic and inelastic
systems to give inelastic response

(c) Combination of modal results to give
anticipated elastic response

Estimating the Higher-Mode Response of Ductile Structures, Sullivan., et.al., 2008

Multi-Mode Pushover Analysis

2
T
Sd :me - 5roof :Sd (PFm¢roof) S, =1 S )
m m m m dm - g
F)Fm¢roofm 27 ( am
Where: n 2
> (W)
Fm =':1n— = Modal participation factor for mode m from
2 SAP2000 of ETABS
W (W)
i=1
Sd = Spectral displacement

Sam = Spectral acceleration

5mof = Roof displacement for mode m (The target displacement)

Pt = Amplitude of mode m at the roof

Multi-Mode Pushover Procedure (MMP), Kent K. Sasaki, et.al.

30/09/58
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Multi-Mode Pushover Analysis

1. Perform modal analysis to get periods (T,, T,,...,T,). The combination of participating
mass based on selected modes must greater than 90%.

2. Read the spectral curve according to the periods —  Perponse Spacts
3. Find the modal participation factor for each mode, I'" |

4. Find the amplitude of each mode at the roof, %m

Spectral Accalerstion [g]
a o o

5. Find the spectral displacement for each mode, S o n / |

Maturat Period (1)

6. Find the target displacement, ¢,

'm

7. Push the structure based on each modal load pattern according to its target
displacement.

8. Combine the results based on the modal combination rules, such as SRSS.
2 2 2
Vo.srss = \/(Vbl +Vp, + ... +Vbn)

Multi-Mode Pushover Analysis
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Multi-Mode Pushover Analysis
S 2
Sdrn :#;:ofm - §roofm = Sdm (Fm¢roofm) Sdm = ;—:; (Sam)g
n 2 n
Fo=| 2 W) | /WD (Widr,)
i=1 i=1
s s s+ | 35| o0 | = Joun
Sec mfsec2 m m Text Text Text Text
1 0.90 518 0.107 0.076 26.61 0.217 |ROOF P1-7 Y u2
2 0.86 545 0.102 0.078 14.70 0.118 |ROOF P3-7 Y u2
3 0.66 6.94 0.077 0.045 29.15 0.100 |ROOF 184 X U1
4 0.33 8.93 0.024 0.089 7.22 0.015 |ROOF P1-7 Y u2
5 0.30 8.93 0.020 0.086 8.56 0.015 |ROOF P3-7 Y u2
6 0.23 8.93 0.011 0.044 10.12 0.005 |[ROOF 186 X U1

Multi-Mode Pushover Analysis — SAP2000
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Multi-Mode Pushover Analysis
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Multi-Mode Pushover Analysis
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Retponse Spectra (MCE)

(1) Target Spectrum _
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(2) Searching for ground motions
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Time-History Analysis

(3) Scaling ground motions to the target spectrum

Scaled Spectra : All Record SRSS

psa (g)

000 050 1.00 150 200 2.50 3.0
Period (sec)

(4) Using scaled ground motions for time-
history analysis
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Time-History Analysis
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Elastic Viscous Damping

1) Modal Damping . \
”_:I4 & (‘E¢HI‘E n}(
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2) Rayleigh Damping
Rayleigh damping assumes that the structure has a damping matrix, C,
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Time-History Analysis — SAP2000
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Results of Time-History Analysis-SAP2000
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